Objective: To investigate the association between a healthy diet indicator and the prevalence of cognitive impairment in the elderly. Design: Cross-sectional study. Setting: Population based. Subjects: A total of 1651 subjects (560 men and 1091 women) including everybody aged 70 y or more, and a random sample of people (about 40%) aged 65 -69 y resident in four rural towns in the province of Pavia, Italy in 1992 -1993. Interventions: The healthy diet indicator based on the WHO guidelines for the prevention of chronic diseases was calculated as reported by Huijbregts et al (1998; Eur. J. Clin. Nutr. 52, 826 -831). Food intake was estimated by means of a 180-item food-frequency questionnaire and nutrient intake was calculated using the food composition database compiled for epidemiologic studies in Italy. The cognitive function was categorized into four levelsnormal cognition, mild, moderate and severe cognitive deficit -according to the neuropsychological test score. The relationship beween the dietary and the ordinal cognitive function variables was studied using the proportional-odds model. Results: After adjustment for age, sex, education, total energy intake, cigarrette smoking, alcohol consumption and physical activity, a better healthy diet score was associated with a lower prevalence of cognitive deficit. The cumulative odds ratio was 0.85 (95% CI 0.77 -0.93). Conclusions: Our results suggest an association beween a globally satisfactory diet and better cognitive performance in the elderly. However, the specific aspects of a 'healthy diet' for the elderly should be clarified.
Introduction
Longer life expectancy has led to an increase in the elderly populations of industrialized countries, and the greater public health burden of degenerative diseases and disability, together with the related need for medical care, have become a matter of concern. It is known that cognitive performance (particularly memory, spatial orientation and executive function ability) decreases with age and, as the elderly proportion of the population increases, the prevalence of cognitive deficit, a major component of the early dementing process, is expected to grow. These factors have aroused great interest in studies aimed at elucidating the role of modifiable risk factors for impaired cognitive function, such as diet.
A number of studies have investigated the relationship between nutritional factors and cognitive ability in the elderly (Ortega et al, 1997; Kretchmer et al, 1996; La Rue et al, 1997; Riggs et al, 1996; SENECA Investigators, 1996) , and it has been hypothesized that antioxidants (betacarotene and vitamins C and E) may have a protective effect against cognitive deficit (Jama et al, 1996; Mendelsohn et al, 1998; Paleologos et al, 1998; Gale et al, 1996) . This hypothesis is supported by clinical and epidemiologic data indicating that oxidative stress or the generation of free radicals are involved in the process of atherogenesis and the pathological changes associated with Alzheimer's disease, which suggests an intriguing link between the etiopathogenetic mechanisms of both Alzheimer-type and vascular dementia (Launer & Kalmijn, 1998) . Furthermore, a high intake of n-6 (linoleic acid) polyunsaturated fatty acids can increase oxidative stress and has been found to be positively associated with cognitive deficit, whereas a high consumption of fish (an important source of n-3 polyunsaturated fatty acids or linolenic acid) is inversely associated with cognitive deterioration (Kalmijn et al, 1997) . Huijbregts et al (1998) have recently hypothesized that a healthy and well-balanced diet, rather than the intake of isolated nutrients or foods, may lead to good cognitive function. They investigated the relationship between dietary patterns and cognitive function in five different cohorts of elderly men using a healthy diet indicator (HDI) developed on the basis of the World Health Organization (WHO) dietary recommendations for the prevention of chronic diseases (WHO, 1990) . Although not entirely consistent in all of the five studied cohorts, their findings suggest that a healthy diet may be associated with better cognitive function in elderly men.
In order to verify this result, we investigated the association between diet and the cognitive performance of elderly Italians by replicating the work of Huijbregts et al (1988) and incorporating the following extensions: (a) we studied both men and women; (b) we treated the response variable indicating the degree of cognitive deficit as an ordinal variable; (c) besides controlling for age, education, cigarette smoking, alcohol consumption and energy intake, we included in the model the variable 'physical activity'.
Methods
The data were generated from a population-based prevalence study of senile dementia conducted in 1992 -1993 in the province of Pavia, Italy (Cristina S, Nicolosi A et al. The prevalence of dementia and cognitive deficit in a rural population of 2442 residents in Northern Italy. A door-todoor survey, personal communication). The study included everybody aged 70 y or more, and a random sample of people (about 40%) aged 65 -69 y, who were resident in four rural towns. Of the 2442 eligible subjects, 1670 (68.4%) were interviewed at home. Among other items, the interview included a neuropsychological dementia screening test and a 180-item food-frequency questionnaire. The 0 -70 point neuropsychological test (NPT) was an extended and validated version of the Mini Mental State Examination (MMSE; Folstein et al, 1975 ) that allowed us to categorize cognitive function according to NPT scores (53 or more for normal cognition; between 40 and 52 for mild cognitive deficit; between 24 and 39 for moderate cognitive deficit; and 23 or less for severe deficit). The food-frequency questionnaire was quantitative -a modification of Willett's questionnaire used in the Nurses' Health Study (Willet, 1998) , and the quantities of foods were assessed by means of photographs of food portions.
Complete dietary information was obtained from 1651 subjects (560 men and 1091 women). Nutrient intake was calculated using the food composition database compiled for epidemiologic studies in Italy (Salvini et al, 1998) . The healthy diet indicator was calculated as reported by Huijbregts et al, (1997 Huijbregts et al, ( , 1998 : nine dichotomous variables were generated for each individual depending on whether his=her intake of saturated fatty acids, polyunsaturated fatty acids, protein, complex carbohydrates, dietary fibre, fruit and vegetables, pulses and nuts, mono-and disaccharides, and cholesterol fulfilled the WHO recommendations or not; the HDI was then calculated by summing the dichotomous variables.
Like Huijbregts et al (1998) , we classified the subjects as non-smokers, ex-smokers and current smokers, and as alcohol abstainers, moderate drinkers ( 60 g alcohol=day) and heavy drinkers ( > 60 g alcohol=day). A compound variable to measure physical activity was built by combining the information concerning walking, cycling, exercise, gardening and housework.
In order to make full use of the available information and thus gain greater statistical power to investigate the effect of risk factors on the neuropsychological outcome variable, we used an ordinal regression model. A cumulative-odds model was fitted using a SAS LOGIST procedure (SAS Institute Inc. 1996), which assumes that only the intercept term of the logistic model depends on the cut-off points of the response variable, and so the effect of the explanatory variables on the odds of response below (or above) a cut-off point is the same for each breakpoint. This is why it is called the proportionalodds model (Agresti, 1990 ). Table 1 shows the distribution of the NPT scores for men and women by age group. More than 30% of the men and almost 48% of the women had some kind of cognitive deficit, with the women having a higher crude prevalence of particularly the mild and moderate types. Table 2 shows the criteria we used to calculate the healthy diet indicator. Almost all the subjects (98.5%) had an adequate intake of fruit and vegetables, but the consumption of carbohydrates was inadequate because of an insufficient intake of polysaccharides (which made up more than 50% of the total energy intake of only 1.2% of the subjects, with the highest value being 66%) and an excessive intake of oligosaccharides (mono-and disaccharides made up more than 10% of the total energy intake of 96.7% of the subjects). The women scored better in terms of cholesterol, whereas the men had better polyunsaturated fatty acid scores. The women (whose protein intake is overall lower) also had better protein scores: the protein consumption of almost all of the subjects who scored zero for the protein item accounted for more than 15% of their total energy intake.
Results
The mean age of the population was 76.7 y (74.9 for men and 77.5 for women) ( Table 3 ). The average duration Nutrition and cognitive deficit in the elderly ML Corrêa Leite et al schooling was 5.5 y for men and 4.5 for women, but the men and women without cognitive deficit had attended schools for longer. The healthy diet indicator ranged from1 to 7 among both genders, with the mean score being higher in the subjects with normal cognitive function. Cigarette smoking, alcohol consumption and physical activity were more prevalent among men than women. The proportion of non-smokers and abstainers increased with the severity of cognitive deficit, but there was a strong inverse trend between the severity of cognitive deficit and the intensity of physical activity: the proportion of men not practising any physical activity ranged from 1.3% among those without cognitive deficit to 45.4% among those with severe deficit (the corresponding values among women were 0.9% and 20.0%); the proportion of men with normal cognitive function who had a high degree of physical activity was Nutrition and cognitive deficit in the elderly ML Corrêa Leite et al 29.6%, but this declined to 3.0% among those whose cognitive function was severely impaired (15.9 and 1.2% for women).
As shown in Table 4 , the cumulative odds ratios (OR) for any level of cognitive deficit per unit of the healthy diet indicator was 0.85 (95% confidence interval (CI) 0.77 -0.93) after adjustment for age, education, energy intake, sex, cigarette smoking, alcohol consumption and physical activity. The w 2 test score with 26 degrees of freedom for the proportional odds assumption was 30.81 (P ¼ 0.24). We performed the analysis separately for men and women in order to allow the comparison with Huijbregts et al's results concerning men. The OR for cognitive deficit in men per unit increase in the HDI adjusted as above (except for physical activity) was 0.86 (95% CI 0.71 -1.03), and is comparable with that obtained by Huijbregts et al (1998) . Figure 1 shows how the estimated probability of cognitive deficit changes in relation to the healthy diet scores. These probabilities were obtained by averaging the expected values across all of the category-group of variables included in the model.
Discussion
Given the current increase in the size of the elderly population and the occurrence of cognitive impairment in old age, it is important to understand the factors that may contribute towards preserving cognitive ability. In line with those of Huijbregts et al (1998) , our findings indicate that the consumption of a globally satisfactory diet is associated with better cognitive performance in the elderly. The odds of a cognitive deficit above any fixed level was estimated to be 0.85 (95% CI 0.77 -0.93) times lower per unit increase in the healthy diet indicator, an association that persisted after adjustment for physical activity (even though physical activity is a partial indicator of a generally healthy lifestyle and thus positively influences both dietary habits and neuropsychological ability). The cumulative ORs estimated from the model including all of the variables, and indicating the risk of impaired cognitive function in Nutrition and cognitive deficit in the elderly ML Corrêa Leite et al comparison with the subjects who did not practice any physical activity were respectively 0.23 (95% CI 0.15 -0.35), 0.14 (95% CI 0.09 -0.22) and 0.10 (95% CI 0.06 -0.17) for those who reported light, moderate and high physical activity. Moderate alcohol consumption was significantly associated with better cognitive performance (adjusted OR ¼ 0.75; 95% CI 0.60 -0.94). This finding can be partially explained by the positive correlation between moderate drinking habits and generally good health, but there is also epidemiological evidence indicating that lightto-moderate alcohol intake is associated with a decreased risk of ischemic stroke (Hillbom & Numminen, 1998) and may benefit cognitive capacities (Hendrie et al, 1996; Elias et al, 1999) .
One methodological difficulty peculiar to studies of the relationship between diet and cognitive deficit is the questionable reliability of dietary data collected under conditions in which cognitive function is impaired. This problem has been addressed in several studies (Ortega et al, 1997; Jama et al, 1996; Kalmijn et al, 1997; Huijbregts et al, 1998) , which underlines the need for confirmatory evidence coming from large-scale prospective studies. In order to assess this possible bias in relation to our own data, we made a further analysis after excluding the subjects who were subsequently diagnosed as being demented and those with a severe=marked degree of dependency, but the results remained unchanged. On the other hand, the significance of these results is limited by the cross-sectional nature of our data. Since a cross-sectional study does not differentiate between cause and effect, we cannot exclude the possibility that cognitive impairment influences, by some biological or functional mechanism, the dietary habits. Further research based on longitudinal studies is needed to confirm and corroborate the association between a healthy diet and better cognitive performance in older people.
In order to quantify the impact of the individual HDI items on the relationship between the HDI score and cognitive deficit, we ran the analysis nine times, with each run including a different dietary component as well as the HDI score and all of the other explanatory variables. Thus, the HDI OR was adjusted, at each run, for the 'effect' of a single dietary item, and we considered that the expected reduction (towards 1.00) on its value would be indicative of the impact of that individual item on the overall dietary indicator effect. The HDI coefficient remained substantially inalterable at each run: the inclusion of fibre intake led to the greatest reduction in the HDI effect (OR ¼ 0.87). These results, according to those of Huijbregts et al (1998) , suggest that the observed association relates to the combination of the different dietary components rather than an specific food or nutrient. Curiously, when the saturated fatty acids and cholesterol items were included, the estimated negative association between HDI and cognitive deficit was intensified (OR ¼ 0.82 in both cases), thus suggesting a positive association between cognitive capacities and both dietary saturated fat and cholesterol.
The healthy diet indicator of Huijbregts et al (1998) measured the degree of accordance between a person's dietary habits and the WHO recommendations for the prevention of chronic diseases, particularly cancer and cardiovascular diseases. These guidelines are substantially based on a diet that is low in fats and free sugars, and high in fruit, vegetables and complex carbohydrates. Although there is growing consensus concerning the role of free radicals in the atherogenic process and neurodegenerative disorders, and therefore the possible protective effect of antioxidants against Alzheimer's and cardiovascular diseases (Klipstein-Grobusch et al, 1999; Chan, 1998; Gillman et al, 1995; Behl, 1999; Perrig et al, 1997; Perkins et al, 1999; Hendrie, 1998; Foy et al, 1999) , the role of dietary fat intake and its effects on health are still hotly debated issues. There is increasing evidence that the type rather than the amount of fat is more closely associated with atherogenic risk (Oliver, 1997; Coulston, 1999) ; furthermore, there is no agreement about the benefits of a low-fat diet, and a low-fat, high-carbohydrate diet can have harmful effects in certain subgroups, including the elderly (Lichtenstein & Van Horn, 1998; Katan et al, 1997) . There is also controversy concerning the importance of total cholesterol level as a risk factor for cardiovascular disease in older adults and, although the apparently adverse effects of low serum cholesterol are likely to be secondary to comorbidity and frailty (Corti et al, 1997; Ranieri et al, 1998) , an association between decreasing serum cholesterol levels and poor cognitive function has been described in the elderly (Cattin et al, 1997) . Finally, cohort studies have found an inverse relationship between total fat and saturated fat intake and the development of ischemic stroke (Seino et al, 1997; Gillman et al, 1997) . Taken together, these findings seem to suggest that the healthy diet indicator for the elderly people could be refined perhaps by reappraising its emphasis on lowering fat intake. However, it would seem to be advisable to make further attempts in order to clarify the specific aspects of a 'healthy diet' for the elderly people that may contribute towards maintaining their cognitive ability.
